D-glucose 6-phosphate dehydrogenase (G6PDH) catalyzes the oxidation of glucose 6-phosphate (G6P) to 6-phosphogluconate-6-lactone and thereby constitutes the step which introduces hexoses into the "pentose cycle" pathway. This well-known enzyme, which is widely distributed in nature, was purified to varying degrees from different sources (for literature see refs. 1 and 2). The yeast enzyme,3 4 which is now commercially available in a high degree of purity, is extensively used for analytical purposes in biochemical research, especially for the assay of ATP, NADP, hexoses, sugar phosphates, and several kinases. While employing yeast G6PDH in a coupled reaction for the analysis of a bacterial hexokinase-ATP system, we have noticed some inhibition of the expected initial rate of NADPH formation when compared to that observed in control systems with G6P. A search for the cause of this phenomenon has indicated that ATP exerted an inhibitory effect on the reaction catalyzed by G6PDH. This observation is described in the present communication.
was usually initiated by the addition of NADP as the last component. In G6PDH-hexokinase-coupled systems, the reaction was started by the addition of hexokinase.
A unit of enzyme activity was defined as that amount of enzyme which produced one Amole of NADPH/min at Vmax conditions at the pH in which the particular set of experiments was performed. Results.-Inhibition by A TP: Inclusion of ATP in a standard G6PDH reaction system resulted in a significant inhibitory effect on the rate of oxidation which was also pH-dependent (Fig. 1) . It is clear that the inhibition is much more pronounced at neutral pH values, whereas it is not so apparent between pH 8.0 and 8.5, the range usually employed for the assay of this enzyme system. Inhibition by ATP could be relieved competitively with G6P (Fig. 2) . M\g++ strongly diminished the inhibition by ATP (Fig. 3) . It was found that maximum change in the magnitude of inhibition by ATP occurred with about an equimolar concentration of Mg++ (Fig. 3) . Similar to what has been observed by Glaser Orthophosphate, which at high concentrations is known to inhibit the G6PDH reaction by competition with NADP (refs. 3, 10, 11), did not influence the magnitude of inhibition by ATP. For example, in a standard reaction system (composed as described above), in which 50 mM orthophosphate buffer at pH 7.2 was present, the rate of G6P oxidation decreased 67 per cent compared to systems assayed in Tris or ethanolamine buffers. Nevertheless, inclusion of 2 m\XI ATP caused in all cases an inhibition of 60-65 per cent compared to the initial rates observed for each buffer without ATP. Conceivably, inhibition by ATP in this case was superimposed, but was probably independent of the inhibition by orthophosphate. Inhibition in a coupled reaction: G6PDH is extensively used in assay systems coupled with hexokinase for the purpose of determination of glucose, ATP, or the estimation of hexokinase activity. In most of these assay systems, an excess of enzyme reagents is added and the MIg++ concentration and pH levels of 8.0-8.5 will considerably minimize the significance of ATP inhibition on the rates of the G6PDH reaction. However, quite often in our own experience, assay conditions may prevail when the inhibition by ATP is apparent (Fig. 4) . In this experiment it is evident that a lag in the NADPH formation occurs and that its extension is directly proportional to the initial ATP concentration. The reaction rate tends later to approach the maximal expected rate when the relative concentration of G6P in the system increases with time of incubation. 19 21 In addition, at least in the case of the rabbit retina,22 it has been suggested that unidentified control mechanisms linked to the respiratory system affect the rate of entry of glucose into the pentose phosphate cycle. The present study indicates that in addition to the ultimate concentration of G6P itself, its concentration relative to that of ATP and most probably to other nucleoside triphosphates in the cell is a determinant factor which governs the rate of the oxidation catalyzed by G6PDH. The K1 values at pH 7.3 obtained for ATP are within the fluctuating level of the intracellular concentration of ATP found in yeasts. '9' 23 The regulating effect of ATP on G6PDH activity is similar in character to many recent observations which showed that the level of ATP and other adenine nucleotides controls several key enzyme reactions that channel carbohydrates through the glycolytic and oxidative pathways. '9' 23-32 Regulation by nucleoside triphosphates of the G6PDH reaction, which supplies NADPH and pentose phosphates for biosynthesis of fatty acids, purine bases, and nucleic acids, is thus complementary to the other control mechanisms known to regulate flow of intermediates through the major metabolic pathways.
In concluding, a word of caution should be added in view of the present findings.
When performing spectrophotometrical kinetic studies involving a G6PDH-coupled enzyme reaction which includes ATP and very small amounts of enzymes (i.e., such as is very often used when coupled to the hexokinase system), care should be taken to ensure that the observed initial rates of the reaction measured by NADPH formation were not influenced by the ATP present. Summary.-Adenosine 5'-triphosphate, as well as other nucleoside triphosphates, inhibits glucose 6-phosphate dehydrogenase by competition with the substrate, glucose 6-phosphate. Apparent Ki values for ATP were 5.5 X 10-4 M in absence of Mg++ and 2.7 X 10-3 M in the presence of Mg++. This case is an additional example of an enzyme activity which is controlled by adenine nucleotides, thus providing a sensitive, efficient mechanism for the regulation of metabolic pathways in the cell.
